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ABSTRACT

The Naval Surface Warfare Center has materials exposed for outdoor weathering and exposure
at three sites: Philadelphia, PA; Miami, FL; and Wittman, AZ. The Miami, FL and Wittman, AZ
test sites are run by Atlas Weathering Service and are instrumented to measure UV-A plus UV-B
solar radiation using the Eppley TUVR. Since there is no Eppley TUVR at Philadelphia, PA, an
estimate is made of the radiation a TUVR would measure at that site. This estimate is based on
establishing the relationship between the accumulated exposure measured by a TUVR at Miami,
FL and the 368 nm channel of a USDA UV radiometer located 65 km distance at Everglades
National Park, FL. The ratio of accumulated exposures of the USDA 368 nm channel and the
TUVR is constant to within 5% over the 7 week, 13 week, 25 week, 49 week and 97 week
periods. A second USDA UV radiometer located at Beltsvillle, MD was in operation during these
periods about 185 km from the NAVY test site in Philadelphia, PA. Using the accumulated
exposures of the USDA 368 nm channel at Beltsville, MD along with the ratios of the USDA 368
nm channel and the Atlas TUVR developed from the FL data, an estimate is made of the
radiation a TUVR in Philadelphia, PA, would measure over the 5 test periods. Sources of error
are discussed and recommendations made.

INTRODUCTION

Ultraviolet radiation from the Sun reaching the Earth’s surface is a major cause of degradation of
coatings, paints, plastics, and fabrics which receive outdoor exposure'. Ultraviolet radiation is
composed of UV-A (320 to 400 nm) and the more damaging UV-B (280 to 320 nm). Radiation from
the Sun can pass thru the atmosphere, be scattered (change direction), or be absorbed. In the UV-B
region, ozone is the main absorber and is responsible for the sharp cutoff of radiation with wavelengths
<290 nm. Clouds, air molecules, and aerosols scatter in both UV-A and UV-B regions.

METHODS

The Naval Surface Warfare Center has materials exposed for outdoor weathering at three sites:
Philadelphia, PA; Miami, FL; and Wittman, AZ. The Miami, FL and Wittman, AZ test sites are run by
Atlas Weathering Service and are instrumented to measure UV-A plus UV-B solar radiation using the
Eppley TUVR tilted 5° from the level horizontal. The effect of this tilt is negligible. Since there is no
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Eppley TUVR at Philadelphia, PA, an estimate is made of the radiation a TUVR would measure at that
site. Figure 1 shows the relative spectral response of the TUVR? which measures UV-A plus UV-B.
The USDA UV-B Monitoring and Research Program® measures total horizontal (no tilt) UV radiation
at 28 US, 2 Canadian and 1 New Zealand sites (http://UV-B.nrel.colostate.edu). Figure 2 shows the
relative spectral response of the 368 nm channel of a USDA UV radiometer calibrated at the NOAA
Central UV Calibration Facility* which measures a narrow portion (2 nm) of the UV-A. Because the
spectral response of the two instruments are different and because the spectral distribution of UV
changes with solar zenith angle (SZA, the angle the Sun makes with the vertical) and column ozone
amount, correction factors are required ° to correlate the two measurements. Correction factors for
different SZAs and column ozone amounts to account for the different spectral response of the TUVR
and the USDA 368 nm channel were generated using a radiative transfer model® and are shown in
Figure 3. Column ozone, which varies irregularly between 250 Dobson units (DU) and 400 DU, has a
negligible effect and may be safely ignored. The ratio of USDA 368 nm channel to the TUVR should
be multiplied by these factors. For SZAs less than 50°, the correction factors are between 1.0 and
1.05.

The SZA is the primary driver governing the amount of UV reaching the Earth. The SZA varies with
latitude, season, and time of day. Figure 4 shows the noon values of SZA throughout the year at Miami
and Everglades National Park. Figure 5 shows the same for Philadelphia and Beltsville. All things
being equal (cloud, column ozone, aerosol amount; and elevation), Miami and Everglades, which are
further south and always have smaller SZAs, will always receive much more UV-A plus UV-B than
Philadelphia and Beltsville. It can be seen that in the course of one year the noon SZAs at Miami and
Everglades vary between about 3° and 50°, while the noon SZAs at Philadelphia and Beltsville vary
between about 16° and 63°. For all four sites the noon SZAs are less than 55° from day number 50
until day number 300. During these 250 days the Sun is at its highest and radiant exposure is far
greater than the 116 days when the winter noon SZAs at Philadelphia and Beltsville are greater than
55°. Referring to Figure 3, one sees that for all four sites the correction factors are between 1.0 and
1.08 (SZA < 55°) from 50 until day number 300. Therefore, the correction factors may be ignored
and will be included in the uncertainty analysis below.

The estimate of UV-A plus UV-B at Philadelphia is based on establishing the relationship between the
accumulated exposure measured by a TUVR at Miami, FL and the 368 nm channel of a USDA UV
radiometer located 65 km distance at Everglades National Park, FL.. The ratio of accumulated
exposures of the USDA 368 nm channel and the TUVR was constant to within 5% over the 7 week,
13 week, 25 week, 49 week, and 97 week periods. A second USDA UV radiometer located at
Beltsville, MD was in operation during this period about 185 km south from the NAVY test site in
Philadelphia, PA. Table 1 shows the latitude, longitude, and ground level elevation of the four sites.
Elevation differences of less than 500 m are not important in such comparisons.
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RESULTS

Using the accumulated exposures of the USDA 368 nm at Beltsville, MD, along with the ratios of the
USDA 368 nm channel to the Atlas TUVR developed from the FL data (Table 2), an estimate was
made of the radiation a TUVR in Philadelphia, PA, would measure over the 7 week, 13 week, 25
week, 49 week, and 97 week test periods. The predicted UV-A plus UV-B that a TUVR would
measure at Philadelphia are presented in Table 3. Sources of error are as follows. The radiometric
stability of the Eppley TUVR and the USDA 368 nm channel radiometers’ are estimated to vary less
than + 5% over the 97 week period based on annual calibrations. It is estimated that the uncertainty of
the ratio due to the distance between nearby paired sites (Miami and Everglades, FL; Beltsville, MD
and Philadelphia, PA) is about 5%. The neglect of the correction factors to the ratio due to the
different latitudes between the two FL sites and the more northerly Philadelphia and Beltsville site
introduces about another 5%. Finally by combining these random and independent errors using the
root mean square technique?®, the overall uncertainty of the estimate of the UV-A plus UV-B
accumulated exposure that an Eppley TUVR would measure at the Philadelphia test site is around +
9% .

CONCLUSIONS

An estimate of the UV-A plus UV-B accumulated exposure that an Eppley TUVR would measure at
Philadelphia over the 7 week, 13 week, 25 week, 49 week, and 97 week periods has been made.
This estimate was performed on the basis of the sound correlation demonstrated between the
accumulated exposure measured by an Eppley TUVR in Miam, FL and the 368 nm channel of a
USDA radiometer at nearby Everglades National Park. This correlation between the TUVR and the
USDA 368 channel is expected to hold within + 9% for closely spaced sites with identical TUVR and
USDA 368 nm channel radiometers. It is the author’s recommendation that an Eppley TUVR be
placed at the Philadelphia test site which will both allow verification of the estimate of UV-A plus UV-B
accumulated exposure obtained in this study as well as to make more accurate measurements in the
future.
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Table 1. Coordinates of four sites

Site Latitude Longitude Elevation (m)
Miami, FL. 25.77° 80.19° 3

Everglades NP, FL  25.38° 80.68° 0

Beltsville, MD 39.02° 76.95° 34
Philadelphia, PA 39.95° 75.16° 12
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Table 2. Exposure data for Everglades National Park, FL (USDA, units of KJoules m™ nm™') and
Miami, FL (Atlas, units of KJoules m?).

Summary Period USDA Atlas Ratio
(YYMMDD) 368 nm TUVR 5° 368 nm/ TUVR
7 Weeks

(000501 - 000619) 968 49 19.76
13 Weeks

(000501 - 000731) 1694 87 19.47
25 Weeks

(000501 - 001023) 3010 154 19.55
49 Weeks

(000501 - 010409) 5441 272 20.00
97 Weeks

(000501 - 020311) 10383 510 20.36

Table 3: Exposure data for Beltsville, MD (USDA units of KJoules m” nm') extrapolated to simulate
a TUVR at Philadelphia, PA (units of MJoules n)

Summary Period USDA Extrapolated to Philadelphia, PA
368 nm TUVR 5°

7 Weeks

(000501 - 000619) 712 36.0

13 Weeks

(000501 - 000731) 1345 69.1

25 Weeks

(000501 - 001023) 2267 116.0

49 Weeks

(000501 - 010409) 3407 170.3

97 Weeks

(000501 - 020311) 7645 375.5
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Figure 1: Relative spectral response of the Eppley TUVR
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